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Abstract: This paper reports on a research effort to better understand the act of mod­
elling. In this paper we describe a formal framework by which the process of mod­
elling can be regarded as involving the selection of more and more refined interpre­
tations in terms of the underlying meta-model of the modelling language used. The 
resulting framework will be used to create a laboratory setup in which we can more 
closely study (and support) modelling processes.
1 Introduction
Modelling is at the core of information systems engineering. In [Myl98] a distinction is 
made between usage world, subject world, system world and development world, when 
producing deliverables during information systems engineering. Understanding each of 
these worlds require considerable modelling efforts, be it to define the requirements on the 
system, or be it to produce the design of a system.
The work reported in this paper is part of an ongoing effort to better understand the act 
of modelling [HPW05a, HPW05b, HPW05c, HPW05d, PVH05, HPR05, PHV05] in the 
context of information system engineering. One of our longer term goals is to turn the art 
of modelling into a science of modelling. In the past our focus was mainly on the formal 
definition of syntax and semantics of modelling languages. We have recently expanded this 
focus to include the process of modelling and the usage of models in information systems 
engineering. This expansion was inspired by a desire to better understand the modelling 
process itself, as well as the requirements on the languages used to express these models 
by the context in which they are to be used [PVH05]. We remain dedicated to a formal 
approach to theory development.
The primary concern of this paper is the further elaboration of a hypothesis put forward 
in [PHW05]. We argue that one can observe how many modelling techniques are in use to 
model several aspects of domains, such as processes, objects, information being processed, 
the flow of information, the flow of control, etc. Scholars and practitioners have produced 
numerous modelling techniques [Bub86, Avi95, BMS98]. The resulting plethora of tech­
niques has, in the past, already been referred to as “a methodology jungle” [Avi95]. Each 
of these modelling techniques focuses on specific aspects of a domain, and is especially 
geared towards the representation, study, analysis or design of such aspects. Nevertheless, 
all of these techniques deal with facts about a domain describing how (from the perspective
of a specific aspect) concepts in the domain relate to each other. Put more operationally, we 
argue that any activity model, sequence diagram, information model, etc. has an accompa­
nying domain model [PBH04] of the underlying concepts and their relations. This could 
be done in terms of a general purpose domain modelling language such as ORM [Hal01], 
but also using ontology modelling languages such as OWL [MH03] and KL-ONE [WS92].
Figure 1: Refinement of models and meta-models
This leads to the situation as depicted in Figure 1. On the right hand side we find the 
meta-models of the modelling techniques used, while on the left hand side we find the 
actual models. The ‘XXX’ represents an aspect of the domain that is being modelled. The 
‘XXX’ model is a re-interpretation of the original model in terms of the refined ‘XXX’ 
meta-model. To illustrate this point, consider the example depicted in Figure 2. In this 
example, we have used the ORM domain modelling technique [Hal01] to represent a gen­
eral domain model of a small sample domain dealing with involvement of people with a 
University department. The involvement starts with candidature, then might move on to 
the coworkership level, and will typically end in the alumnus status. In the example, we 
have (partially) re-interpreted the underlying domain model into two directions: an UML 
class diagram focussing on the core concepts in the domain, and a state-transition diagram 
focusing on the state changes of the involvement of people with departments.
As another example, consider the compacted version, as depicted in Figure 3, of the case 
study used in [PHW05]. This example focusses on workflow modelling and shows two 
interpretation steps. The first step, moving from A) to B), requires modelers to select 
which object types are really actor and actand types. The second interpretation step, from
B) to C), can actually be done automatically given a pre-defined mapping between the 
meta-models of the modelling techniques involved. The modeller does not need to add 
additional information to the model. Note that the situation depicted in A) is not a static 
view on the domain. The arrows from fills in form to examines, etc, show a temporal 
dependency between states, thus providing a flow of states and activities.
In each of the interpretation steps, modellers need to make a choice of how to re-interpret 
(if at al!) specific concepts in the general domain model in terms of the modelling con­
cepts in the refined meta-model. We argue that modelling can be regarded as a process 
of (iteratively!) refining ones view on the world in terms of more and more refined mod­
elling concepts (the types in the meta-model). This process is driven by the motivations 
for producing the model in the first place.
One may argue that in practice modellers will quite often directly produce a UML class di­
agrams, workflow diagrams, etc. In our view, doing so leaves implicit numerous interpre-
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Figure 2: Example interpretations
tive decisions about the domain. If one were to first produce a domain model as depicted in 
Figure 3 A), one could argue that the understanding of the domain being modelled would 
be deeper, providing a better base from which to then produce model C) via B). Neverthe­
less, our goal at present is not to cast judgement on how to best model. Some modellers 
may prefer to start with A) and some will prefer to immediately produce C), where a given
C) will still automatically imply an associated B) and A). Our goal is to better understand 
the actual act of modelling, and as such, we do want to study how modelers implicitly or 
explicitly move from A) to C). For this purpose, we first need to develop an explicit model 
of modelling as a process of stepwise interpretation over a hierarchy of meta-models. This 
model of the modelling process is the focus of attention of the remainder of this paper.
The resulting framework will be integrated with the logbook perspective [BFW96, BW04, 
HPW05a] on the modelling process to create a system that will allow us to conduct mod­
elling expiriments in a laboratory setting.
We have structured the remainder of this paper as follows. In Section 2 we briefly explore 
the notion of subjectivity in relation to modelling. Section 3 then focuses on hierarchies 
of modelling languages, i.e. meta-model hierarchies. Given such a hierarchy, Section 4 
shows how hierarchies of models as depicted in Figure 3 can be represented formally. The 
final step is made in Section 5 where we cater for the possible evolution of a hierarchy of 
models during a modelling process.
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2 Subjectivity in Modelling
The aim of this section is to define more precisely what we mean by the modelling of a 
domain, in other words, our fundamental way of thinking about modelling. In doing so, 
we will start by introducing a framework describing the essential processes that take place 
when an observer observes a domain.
It is our assumption, based on the work of C.S. Peirce [Pei69], that observers perceive 
a universe and then produce a conception of that part they deem relevant. The concep­
tions harboured by an observer are impossible to communicate and discuss with other 
observers unless they are articulated somehow (the need for this ability in the context of 
information systems engineering is evident). In other words, a conception needs to be rep­
resented. Peirce argues that both the perception and conception of an observer are strongly 
influenced by their interest in the observed universe. This leads to the following set of def­
initions (also inspired by the ones provided in [FVV+98], which are based on the work by 
Peirce as well):
Universe -  the ‘world’ around the observer.
Observer -  an actor perceiving and conceiving the universe, using their senses.
Perception -  that what results, in the mind of an observer, when they observe the uni­
verse, using their senses.
Conception -  that what results, in the mind of a observer, when they interpret a perception 
of the universe.
An observer may zoom in on a particular part of the universe they observe, or to state it 
more precisely, they may zoom in on a particular part of their conception of the universe.
Domain of interest -  any ‘part’ or ‘aspect’ of a conception of the universe, a observer 
may zoom in on.
Note that when an observer zooms in on a domain of interest, they produce yet another 
conception.
In the context of information systems engineering, observers may have different domains 
of interest depending on their concern with regards to the information system being en­
gineered. For example, the operators who will be required to maintain a planned infor­
mation system, will regard this system in terms of costs of keeping the system up and 
running, costs and efforts involved in implementing the system, etc. Future users of the 
same planned system, however, will be more interested in the impact/support the system 
is likely to have on their work related tasks. In our effort to obtain a fundamental under­
standing of the act of modelling, we initially focus on situations where we only have one 
specific concern and associated domain of interest.
In line with [FVV+98] we define a model to be a specific kind of conception:
Model -  a purposely abstracted and unambiguous conception of a domain of interest.
Conceptions that are harboured by an observer are impossible to communicate and discuss 
with other observers, unless they are articulated somehow. In other words, the conception 
needs to be represented:
Representation -  the result of an observer representing a conception, using some lan­
guage to express themselves.
The resulting situation is illustrated in Figure 4 showing how an observer in observing the 
universe has a conception, which may be represented in terms of a representation.
Observer
Figure 4: An observer observing a universe
We are now also in a position to define more precisely what we mean by modelling:
Modelling -  The act of purposely abstracting a model from (what is conceived to be) a 
part of the universe, and representing the resulting model by means of some lan­
guage and medium.
The same domain of interest may be regarded by different observers, which is bound to 
lead to different conceptions, depending on the specific observers. The fact that when re­
ferring to the same universe, people are likely to refer to different models is, as reported in 
e.g. [FVV+98], one serious cause for the current confusion in the development of infor­
mation systems. People, tend to think about a system as something that can be objectively 
determined [FVV+98]. An assumption that is bound to lead to serious ‘accidents’. How­
ever, at present our focus is on better understanding the act of modelling when only one 
observer is involved, which is difficult enough as even one observer is not likely to behave 
like a monotonic function when modelling.
In the context of information systems engineering, observers will approach a domain with 
the aim of expressing the domain in terms of some set of modelling constructs, such as 
classes, activity (types), event (types), constraints, etc. The set of modelling constructs 
a observer is used to using (or trained to use) when modelling a domain, will strongly 
influence their conceptions. For example, when viewing a domain of interest from the 
perspective of UML class diagrams, this is bound to lead to a different model than when 
the same domain is viewed from the perspective of UML sequence diagrams. To make 
this explicit, we therefore presume that when observers model a domain, they do so from 
a certain perspective; their Weltanschauung [WAA85]. In Figure 5 we have depicted a
situation where an observer observes (a domain of interest within) a universe from the 
perspective of different meta-models (M 1, . . . ,  Mn), leading to even so many models (m 1, 
. . . ,  m n) and model representations (r1, . . . ,  r n).
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Figure 5: Observing a universe with differentmeta-models
The remainder of this paper is primarily concerned with the development of a precise 
understanding of the relationships between these meta-models, the corresponding models 
(or rather their representations), as well as their evolution during a modelling process. 
Here we will operate under the hypothesis that modelling can be viewed as an iterative 
process of:
• Defining an (unspecific) model of a domain using some suitable (suitable; not nec­
essarily the) generic meta-model, focussing on domain concepts and their relation­
ships in a general sense.
In the examples of the previous section, we used ORM (with temporal extensions) 
as an example of such a generic meta-model.
• Selecting more specific interpretations of the concepts identified in the initial model, 
using more refined meta-models.
In the previous section we showed examples of interpretations in terms of a UML 
class diagram, a state-transition diagram, and a workflow model.
The latter step, selection of interpretation, is the essential aspect of the way of thinking as 
put forward in this paper, and is therefore also used as the title for this paper.
3 Meta-model Hierarchies
The foundation of our modelling framework is formed by a hierarchy of meta-models. The 
concept of a meta-model hierarchy is not new. It was already introduced in [FO94] as a 
way of comparing modelling techniques, and to some extend refined further in [FVV+98]. 
Our goals of viewing the act of modelling as a process of stepwise selection of interpre­
tations over a hierarchy of meta-models is a way to operationalise the ‘old’ notion of a 
meta-model hierarchy.
3.1 Meta-models
A meta-model is seen as a formal system [Men87]. Such a system consists of (1) a sig­
nature that specifies its concepts, providing a base for the definition of well-formed for­
mulae, and (2) a set of such well-formed formulae (also refered to as axioms) that are 
assumed/required to hold for concrete systems that realize the formal system. In this con­
text we shall refer to the concepts of the formal system as the (modeling) types of the 
meta-model. We wil denote a meta-model by its signature and its axioms. We will use 
(T, A) to denote the system with signature T  and axions A.
Let M T  be the set of all meta-types from some class of modelling techniques, M A  be 
the set of all axioms, and M M  ç  M T  x M A  the set of all meta-models. We focus on 
meta-models that satisfy the following rules.
Each meta-model is consistent, meaning that the axioms are not contradictory.
[M1] If (T, A) g M M ,  then A is a consistent set of well-formed formula’s over T .
Each meta-model is required to have different modeling types.
[M2] If M i =  (Ti, A i) and M2 =  (T2, A2), such that M i, M 2 G M M ,  then:
M i =  M 2 ^  Ti n  T2 =  0
This latter requirement is added to allow us to study relations between modeling concepts 
in more depth.
3.2 Models
An actual model is an instantiation of a formal system; the associated meta-model. This 
model thus contains instantiations of the meta-types contained in that meta-model. Let EL 
be the set of all those instantiations, which are referred to as model elements. We define 
the possible interpretation of these elements in terms of the meta-types: I N  = E L x  M T . 
In other words, an interpretation is the combination of a model element and a meta-type. 
Since meta-models may contain sub-types, elements may be associated to multiple meta­
types.
If m is a model with associated meta-model M , we will also say that m is an M-model. 
An M-model m can be regarded as a set of interpretations m C I N  that meet the axioms 
of meta-model M . The set of valid M-models for a given meta-model M  =  (T, A) is 
therefore defined as:
M (M ) =  {m C EL x T  | m =  A }
The set of interpretations fitting a meta-model is defined as:
I(M  ) =  U M (M )
3.3 Hierarchies of meta-models
The next step is to introduce hierarchies of meta-models. Such a hierarchy is composed 
of refinement relations between meta-models. Let R F  be the set of possible refinement 
relations for the considered class of meta-models and let From, To : R F  ^  M M  be func­
tions returning the start and destination meta-model of a refinement respectivily. Then 
R F , From and To together span a space in which we will be able to identify meta-model 
hierarchies to be used in modelling. We do require R F  to be acyclic:
[M3] The graph spanned over M M  by From and To is acyclic.
A specific meta-model hierarchy is a set of refinements, so we can define the set of possible 
meta-model hierarchies as M H  C p ( R F ), where we do require:
[M4] If R e  M H  then R is a tree.
Let Top(R) denote the top of such a tree. We will write Rm m  as an abbreviation for the 
set of meta-models involved in R.
3.4 Grounding of models
To really capture the notion of refinement between meta-models, we must be able to map 
models upward in the hierarchy. We therefore need a function that is able to ground models 
stated in a refined meta-model in terms of the more general meta-model:
Ground : R F  ^ ( p ( J N )  ^  p ( l N ) )
In terms of the example shown in Figure 3 the grounding function would have to map any 
actor type and actand type in a workflow model onto an object type in an ORM model, 
and each activity type onto an ORM relationship type. The working of the grounding 
function is illustrated in Figure 6. Models are grounded by grounding the interpretations 
they are made of. Multiple models conform a refined meta-model may be grounded onto 
the same generalized model. For example, in Figure 3 we might have selected a person 
being examined to be an actand (i.e. passive) in the examination, rather than considering it 
to be an actor as well (as is currently shown in B )). In either case, the grounding of model 
B) would still be the model shown in A).
For a given refinement r, the grounding function should limit itself to interpretations asso­
ciated to the meta-models involved in the refinement:
[M5] x e  dom(Groundr ) ^  x C I(To(r))
[M6] y e  ran(Groundr ) ^ y  C I(From(r))
Empty models have an empty grounding:
Interpretations
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Figure 6: Grounding of models and interpretations
[M7] Groundr (0) =  0
Even more, the grounding function should behave strict monotonous in terms of inclusion 
of sets of interpretations:
[M8] m i C m 2 Ç Z N ^  Groundr (m i) C Groundr (m2)
where C is used as a proper subset. This allows us to ground any non-empty fragment of 
a re-interpreted model back to (a non-empty) fragment at the more generic level:
Corollary 3.1
m =  0 ^  Groundr (m) =  0
4 Model Hierarchies
In this section we extend the meta-model hierarchy of the previous section to a hierar­
chy of models over such meta-model hierarchies. First we follow the interpretation of a 
single model element in a hierarchy. When modelling, decisions are made pertaining to 
interpretations of the domain. These modeling decisions are almost as important as the 
resulting model. Let MV be a carrier set for motivations of such decisions, then we can 
define an interpretation hierarchy as a partial function: h : M M  ^  p + (ZN) x M V. Let 
IH  be the set of all such interpretation hierarchies. If we are only interested in the set of 
interpretations, we will use: h!(M ) =  I  such that h(M ) =  (I, v).
An interpretation hierarchy should follow a meta-model hierarchy. This is laid down in 
three rules. We consider h to be an interpretation hierarchy fitting a meta-model hierarchy
R, written as h e  I(R ), iff:
1. The first condition requires that an interpretation hierarchy can only contain inter­
pretations for the meta-models present in R. Formally: dom(h) C Rm m .
2. The second condition requires the top of the interpretation hierarchy to contain one 
interpretation only; the root. Formally: |h!(Top(R))| =  1.
3. The third condition requires the interpretation hierarchy to obey the grounding func­
tion. Formally this is enforced by: VreR [Groundr (h!(To(r))) C h!(From(r))].
Two interpretation hierarchies are disjoint iff they do not overlap for any meta-model:
h <g> i 4  V m e M M  [h!(M) n  i ! (M) =  0]
A model hierarchy is a set H  of interpretation hierarchies. If H  is a model hierarchy, then 
for any meta-model M , the complete model is defined as the union of the interpretations 
in the interpretation hierarchies:
H !(M ) 4  U heH h!(M )
This is illustrated in Figure 7.
H = { h, i, j  }
h! i j
H!(Mi) • - • )
H!(M2)
•• > • )
H! (Ms) •• • > •• )
Figure 7: Models as a union of interpretations
For a given meta-model hierarchy R, the set of valid model hierarchies consists of those 
interpretation hierarchies H  such that:
Vmedom(H!) [H!(M ) e  M (M )] AVh,ien [h =  i ^  h <g> i]
The first condition requires that all models in the hierarchy conform to their respective 
meta-models, while the second condition requires interpretation hierarchies to not overlap.
5 Evolution of Model Hierarchies
During a modelling process, a model hierarchy is likely to evolve. The final step in the 
definition of our framework is therefore the introduction of a temporal dimension. This 
essentially boils down to the extension of the framework so-far with a schema evolution 
mechanism as defined before in e.g. [PW94, Pro97]. Within the confines of this paper, we 
can only provide a brief overview of how evolution of model hierarchies can be formalized.
Let TT be a set of points in time with a total ordering <. Let furthermore >  be a function 
returning the next point in time, such that:
[T1] VteTi [ t<  >  t]
[T2] — 3s [t < s < >  t]
The evolution of a model hierarchy is modelled by tracing the evolution of the underlying 
interpretation hierarchies. The latter evolutions are modelled as a function e : T I ^ T H .  
Let IE  =  T T ^ T H  be the set of possible evolutions of interpretation hierarchies. The 
evolution of a model hierarchy can then be regarded as a subset E  C IE . At any point in 
time, the current version of the model hierarchy can be derived as:
The set of valid model hierarchy evolutions for a given meta-model hierarchy R is defined
The first condition requires evolutions to obey the meta-model hierarchy. The second con­
dition is used to ensure that the steps in the modelling process are not too large, retracting 
and extending a hierarchy cannot be done in one step.
In line with [Pro97], information providing motivation for may be added to each of the 
evolution steps. To be able to do so, we enrich the hierarchy evolutions with a partial 
function:
where the intuition is that if Motivation(E, t, C ) =  o, then a change occuring within a 
hierarchy evolution E  at time t, involving the interpretation evolutions C  is motivated by 
o.
We require the movitations for changes are limited to those interpretation evolutions that 
are part of the given hierarchy evolution:
[M9] (E, t, C } e  dom(Motivation) ^  C  C E
as:
E(R) 4
Motivation : p(T£ ) x TT  x p(TE ) ^  MV
The reason for C  to be a set of evolutions has to do with the fact that during the modelling 
process a modeler may decide to merge and/or split existing evolutions. In [Pro97] a
terminology based on particle physics was introduced to identify such situations as fusion, 
fission, emission and absorption.
We require all changes to be motivated:
[M10] If E  e  E(R) then:
VeeE [e(t) =  e(> t) ^  3C [e e  C  A (E, >  t, C ) e  dom(Motivation)]]
Only changes can be motivated:
[M11] (E, t, C ) e  dom(Motivation) ^  Ve£C [e(t) =  e(>  t)]
6 Conclusion
In this paper we have discussed a framework to study the act of modelling, where a mod­
elling process is regarded as involving the selection of more and more refined interpreta­
tions in terms of the underlying meta-model of the modelling language used. The resulting 
framework will be used, in conjunction with the logbook system, to create a laboratory en­
vironment in which modelling experiments can be conducted.
The logbook system [BFW96, BW04, HPW05a] takes the view that a modelling process 
is a (controlled) dialogue between a domain expert, a modelling mediator and a model 
builder. This process is regarded as a questioning & answering process involving these 
three roles. When combined with the theory as presented in this paper, the goal of such a 
questioning & answering process can be made explicit as the creation of a model hierarchy 
on top of a pre-determined (dictated by the modelling goals at hand [PVH05, PHV05]) 
meta-model hierarchy.
In future versions of our framework we intend to refine it such that we are able to deal with 
multiple views and concerns, as well as multiple (contradicting!) observers. In the latter 
case we would like to be able to even log the negotiation that may have to take place in 
reconciling different views held by different observers of the same domain.
References
[Avi95] D.E. Avison. Information Systems Development: Methodologies, Techniques and Tools. 
McGraw-Hill, New York, New York, USA, 2nd edition, 1995. ISBN 0077092333.
[BFW96] P. van Bommel, PJ.M. Frederiks, and Th.P. van der Weide. Object-Oriented Modeling 
based on Logbooks. The Computer Journal, 39(9):793-799, 1996.
[BMS98] P. Bernus, K. Mertins, and G. Schmidt, editors. Handbook on Architectures o f Infor­
mation Systems. International Handbooks on Information Systems. Springer, Berlin, 
Germany, EU, 1998. ISBN 3540644539.
[BW04]
[FO94]
[FVV+ 98]
[Hal01]
[HPR05]
[HPW05a]
[HPW05b]
[HPW05c]
[HPW05d]
[Bub86] J.A. Bubenko. Information System Methodologies -  A Research View. In T.W. Olle, 
H.G. Sol, and A.A. Verrijn-Stuart, editors, Information Systems Design Methodolo­
gies: Improving the Practice, Amsterdam, The Netherlands, EU, pages 289-318. North- 
Holland/IFIP WG8.1, Amsterdam, The Netherlands, EU, 1986.
S. Bosman and Th.P. van der Weide. Towards formalization of the information modeling 
dialog. Technical Report ICIS-R05012, Computing Science Institute, University of 
Nijmegen, Nijmegen, The Netherlands, EU, 2004.
E.D. Falkenberg and J.L.H. Oei. Meta Model Hierarchies from an Object-Role Mod­
elling Perspective. In T.A. Halpin and R. Meersman, editors, Proceedings o f the First 
International Conference on Object-Role Modelling (ORM-1), pages 218-227, July 
1994.
E.D. Falkenberg, A.A. Verrijn-Stuart, K. Voss, W. Hesse, P. Lindgreen, B.E. Nilsson, 
J.L.H. Oei, C. Rolland, and R.K. and Stamper, editors. A Framework o f Information 
Systems Concepts. IFIP WG 8.1 Task Group FRISCO, IFIP, Laxenburg, Austria, EU, 
1998. ISBN 3901882014.
T.A. Halpin. Information Modeling and Relational Databases, From Conceptual Anal­
ysis to Logical Design. Morgan Kaufmann, San Mateo, California, USA, 2001. ISBN 
1558606726.
S.J.B.A. Hoppenbrouwers, H.A. (Erik) Proper, and V.E. van Reijswoud. Navigating the 
Methodology Jungle -  The communicative role of modelling techniques in information 
system development. Computing Letters, 1(3), 2005.
S.J.B.A. Hoppenbrouwers, H.A. (Erik) Proper, and Th.P. van der Weide. A Fundamental 
View on the Process of Conceptual Modeling. In L. Delcambre, C. Kop, H.C. Mayr, J. M 
ylopoulos, and O. Pastor, editors, Conceptual Modeling -  ER 2005 -  24 International 
Conference on Conceptual Modeling, Klagenfurt, Austria, EU, volume 3716 of Lecture 
Notes in Computer Science, pages 128-143, Berlin, Germany, June 2005. Springer­
Verlag. ISBN 3540293892 d o i:1 0 .1 0 0 7 /1 1 5 6 8 3 2 2 _ 9 .
S.J.B.A. Hoppenbrouwers, H.A. (Erik) Proper, and Th.P. van der Weide. Formal Mod­
elling as a Grounded Conversation. In G. Goldkuhl, M. Lind, and S. Haraldson, editors, 
Proceedings o f the 10th International Working Conference on t he Language Action Per­
spective on Communication Modelling (LAP‘05), pages 139-155, Kiruna, Sweden, EU, 
June 2005. Linkopings Universitet and Hogskolan I Boras, Linköping, Sweden, EU.
S.J.B.A. Hoppenbrouwers, H.A. (Erik) Proper, and Th.P. van der Weide. Towards ex­
plicit strategies for modeling. In T.A. Halpin, K. Siau, and J. Krogstie, editors, Proceed­
ings o f the Workshop on Evaluating Modeling Methods for Systems Analysis and Design 
(EMMSAD‘05), held in conjunctiun with the 17th Conference on Advanced Information 
Systems 2005 (CAiSE 2005), pages 485-492, Porto, Portugal, EU, 2005. FEUP, Porto, 
Portugal, EU. ISBN 9727520774.
S.J.B.A. Hoppenbrouwers, H.A. (Erik) Proper, and Th.P. van der Weide. Understanding 
the Requirements on Modelling Techniques. In O. Pastor and J. Falcao e Cunha, editors, 
17th International Conference on Advanced Information Systems Engineering, CAiSE 
2005, Porto, Portugal, EU, volume 3520 of Lecture Notes in Computer Science, pages
262-276, Berlin, Germany, June 2005. Springer-Verlag. ISBN 3540260951 d o i : 1 0 .  
10 0 7 /1 1 4 3 1 8 5 5 _ 1 9 .
[Men87] E. Mendelson. Introduction to Mathematical Logic. Wadsworth and Brooks, 1987.
[Myl98]
[PBH04]
[Pei69]
[PHV05]
[PHW05]
[Pro97]
[PVH05]
[PW94]
[WAA85]
[MH03]
[WS92]
D.L. McGuiness and Frank van Harmelen. OWL Web Ontology Language Overview, 
W3C Proposed Recommendation. W3C, December 2003. h t t p : / / w w w . w 3 . o r g /  
TR/20 0 3 / P R - o w l - f e a t u r e s - 2 0  03 12 15 / .
J. Mylopoulos. Techniques and Languages for the Description of Information Systems. 
In P. Bernus, K. Mertins, and G. Schmidt, editors, Handbook on Architectures o f In­
formation Systems, Berlin, Germany, EU. Springer, Berlin, Germany, EU, international 
handbooks on information systems edition, 1998. ISBN 3540644539.
H.A. (Erik) Proper, A.I. Bleeker, and S.J.B.A. Hoppenbrouwers. Object-Role Mod­
elling as a Domain Modelling Approach. In J. Grundspenkis and M. Kirikova, editors, 
Proceedings o f the Workshop on Evaluating Modeling Methods for Systems Analysis 
and Design (EMMSAD‘04), held in conjunctiun with the 16th Conference on Advanced 
Information Systems 2004 (CAiSE 2004),, volume 3, pages 317-328, Riga, Latvia, 
EU, June 2004. Faculty of Computer Science and Information Technology. ISBN 
9984976718.
C.S. Peirce. Volumes I  and II -  Principles o f Philosophy and Elements o f Logic. Col­
lected Papers of C.S. Peirce. Harvard University Press, Boston, Massachusetts, USA, 
1969. ISBN 0674138007.
H.A. (Erik) Proper, S.J.B.A. Hoppenbrouwers, and G.E. Veldhuijzen van Zanten. Com­
munication of Enterprise Architectures. In M.M. Lankhorst, editor, Enterprise Archi­
tecture at Work: Modelling, Communication and Analysis, Berlin, Germany, EU, pages 
67-82. Springer, Berlin, Germany, EU, 2005. ISBN 3540243712.
H.A. (Erik) Proper, S.J.B.A. Hoppenbrouwers, and Th.P. van der Weide. A Fact- 
Oriented Approach to Activity Modeling. In R. Meersman, Z. Tari, and P. Her­
rero, editors, On the Move to Meaningful Internet Systems 2005: OTM Workshops -  
OTM Confederated International Workshops and Posters, AWeSOMe, CAMS, GADA, 
MIOS+INTEROP, ORM, PhDS, SeBGIS, SWWS, and WOSE 2005, Agia Napa, Cyprus, 
EU, volume 3762 of Lecture Notes in Computer Science, pages 666-675, Berlin, Ger­
many, October/November 2005. Springer-Verlag. ISBN 3540297391 d o i : 1 0 . 1 0 0 7 /  
11575863_86 .
H.A. (Erik) Proper. Data Schema Design as a Schema Evolution Process. Data & 
Knowledge Engineering, 22(2):159—189, 1997.
H.A. (Erik) Proper, A.A. Verrijn-Stuart, and S.J.B.A. Hoppenbrouwers. Towards 
Utility-based Selection of Architecture-Modelling Concepts. In S. Hartmann and 
M. Stumptner, editors, Proceedings o f the Second Asia-Pacific Conference on Con­
ceptual Modelling (APCCM2005), Newcastle, New South Wales, Australia, volume 42 
of Conferences in Research and Practice in Information Technology Series, pages 25­
36, Sydney, New South Wales, Australia, January 2005. Australian Computer Society. 
ISBN 1920682252.
H.A. (Erik) Proper and Th.P. van der Weide. EVORM -  A Conceptual Modelling Tech­
nique for Evolving Application Domains. Data & Knowledge Engineering, 12:313-359, 
1994.
A.T. Wood-Harper, L. Antill, and D.E. Avison. Information Systems Definition: 
The Multiview Approach. Blackwell, Oxford, United Kingdom, EU, 1985. ISBN 
0632012168.
W. Woods and J. Schmolze. The KL-ONE family. Computers and Mathematics with 
Applications, 23(2-5):133-177, 1992.
